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DISPLAY APPARATUS AND METHOD FOR
IMPROVING IMAGE QUALITY THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Korean Patent Appli-
cation No. 10-2010-0107623, filed Nov. 1, 2010, the disclo-
sure¢ of which 1s incorporated herein by reference in its
entirety.

BACKGROUND

1. Field

Apparatuses and methods consistent with exemplary
embodiments relate to a display and 1mage quality improve-
ment, and more specifically, to a display apparatus, having,
edge-type light emitting diodes (LEDs) as a light source,
which prevents light leakage, and a method for improving
image quality of the display apparatus by preventing the light
leakage.

2. Description of the Related Art

In general, a liquid crystal display (LCD) which 1s a rep-
resentative example of display apparatuses, 1s used to display
images on a monitor such as television (TV) or notebook
computer. Since the LCD cannot produce light by 1tself, 1t
should use light emitting from a separate light source.

Mostly, the LCD includes a backlight as the light source in
a rear side of a display panel. By controlling transmittance of
the light coming from the backlight according to movement
of the liquid crystal, the LCD displays images.

The LCD can display the images using edge-type LEDs,
disposed on at least one edge of the display panel, as the light
source, mstead of a direct type light source disposed 1n the
rear side of the display panel.

When an 1mage 1s displayed using the edge-type LEDs,
light leakage takes place in corners of a display screen. The
light leakage indicates blurring in part of the display screen of
the LCD, compared to other regions.

When the display screen gets darker, the corner regions are
more vulnerable to the light leakage, thereby to deteriorate
the quality of a displayed image. Thus, it 1s necessary to
prevent the light leakage to improve the 1image quality.

SUMMARY

One or more exemplary embodiments provide a display
apparatus for turning off at least one LED corresponding to a
corner region of a display screen, and a method for improving
image quality of the display apparatus.

According to an aspect of an exemplary embodiment, a
display apparatus includes a liquid crystal panel; a light guide
plate disposed 1n a rear side of the liquid crystal panel; at least
one LED module disposed 1n at least one side of the light
guide plate and including a plurality of LEDs; a driver which
drives the plurality of the LEDs; an image analyzer which
analyzes an input image; and a switch unit which turns off at
least one LED among the plurality of LEDs while a remainder
of the plurality of LEDs 1s being driven by the driver, accord-
ing to a result of the analyzing the input image, wherein the at
least one LED 1s disposed closer to a corner of the liquid
crystal panel than the remainder of the plurality of LEDs.

The at least one LED module may include a first terminal,
a second terminal, and a third terminal. The first terminal 1s
connected to an anode of a first LED placed at one end of the
plurality of LEDs connected 1n series, the second terminal 1s
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1s connected to a cathode of a last LED placed at the other end
of the plurality of LEDs connected 1n series.

The first terminal may be connected to a plus terminal of
the driver, and the third terminal may be connected to a minus
terminal of the driver.

The switch unit may include a first resistor, a second resis-
tor, a third resistor, a first transistor, and a second transistor.
The first resistor 1s connected to the first terminal at one end
and to a first node with the other end, the second resistor 1s
connected to the first node at one end and to a second node at
the other end, and the third resistor 1s connected to the first
node at one end and to a third node at the other end. The first
transistor 1s connected to the third node at a gate terminal, to
the first terminal at a source terminal, and to the second
terminal at a drain terminal. The second transistor 1s con-
nected to the second node at a drain terminal, an external
signal being applied to a gate terminal of the second transis-
tor, and a source terminal of the second transistor being
grounded.

The first transistor may be a P-channel metal oxide semi-
conductor (PMOS) and the second transistor may be an
N-channel metal oxide semiconductor (NMOS).

The external signal may be a control signal which controls
not to apply current to the at least one LED, based on a result
of the analyzing the input image.

The at least one LED module may include a first LED

module and a second LED module, and the plurality of LEDs

may include a first plurality of LEDs included 1n the first LED
module and a second plurality of LEDs included in the second
LED module. The first LED module may include a first ter-
minal, a second terminal, a third terminal, and a fourth termai-
nal. The first terminal 1s connected to a cathode of a first LED
placed at one end of the first plurality of LEDs connected in
series, the second terminal 1s connected to an anode of the first
LED, the third terminal 1s connected to an anode of a second
LED connected to the first LED, and the fourth terminal 1s
connected to a cathode of a last LED placed at the other end
of the first plurality of LEDs connected in series.

The second LED module may have the same structure as
the first LED module.

The switch unit may turn off the at least one LED while the
remainder of the plurality of LEDs are being driven by the
driver 11 the 1image analyzer determines at least one of (1) that
the input 1mage to be displayed on the liquid crystal panel 1s
in a given format; and (11) that a pixel value of the input image
to be displayed at the corner of the liquid crystal panel 1s lower
than a pixel value of the input image to be displayed at a
nei ghbor region.

The given format may be a letterbox format.

The display apparatus may further include a storage unit
which pre-stores information about the at least one LED to be
turned off according to the result of the analyzing the input
image.

The pre-stored information about the at least one LED to be
turned oif may include information about at least one of a
location of the at least one LED in the at least one LED
module and a number of the at least one LED among the
plurality of LEDs.

The display apparatus may further include a user input unit
which recetves a user command to control the switch unit to
turn oif the atleast one LED without regard to the result of the
analyzing the mput 1mage.

According to an aspect of another exemplary embodiment,
a method for improving image quality of a display apparatus
which mcludes a liquid crystal panel, a light gmide plate
disposed at a rear side of the liquid crystal panel, and at least

one LED module disposed 1n at least one side of the light
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guide plate and including a plurality of LEDs, the method
including driving the plurality of LEDs; analyzing an input
image; and turning oif at least one LED among the plurality of
LEDs while a remainder of the plurality of LEDs are being
driven, according to a result of the analyzing the input image,
wherein the at least one LED 1s disposed closer to a corner of
the liquid crystal panel than the remainder of the plurality of
LED:s.

According to an aspect of yet another exemplary embodi-
ment, a display apparatus includes a display substrate on
which an input image 1s displayed; a light guide disposed at a
rear side of the display substrate; at least one light source
module disposed 1n at least one side of the light guide and
comprising a plurality of light sources; and a controller which
turns on and off at least one light source among the plurality
of light sources while a remainder of the plurality of light
sources are turned on to display the input image on the display
substrate.

The display apparatus may further include at least one of an
image analyzer, which analyzes the input image, and a user
input which receives a user command, wherein the at least one
light source to be turned on and oif 1s selected by the control-
ler according to a result of the analyzing the input image or the
user command.

The controller may turn off the at least one light source
while the remainder of the plurality of light sources are turned
on to display the mput image, if 1t 1s determined that light
leakage blurring the display substrate 1s to occur at a region of
the display substrate which 1s disposed closer to the at least
one light source than a remaining region of the display sub-
strate.

The controller may turn off the at least one light source
while the remainder of the plurality of light sources are turned
onto display the input image 11 the image analyzer determines
at least one of: (1) that the mput 1mage to be displayed on the
display substrate 1s in a given format; and (11) that a pixel value
of the mput 1image to be displayed at a region 1n the display
substrate corresponding to the at least one light source 1s
lower than a pixel value of the input image to be displayed at
a neighbor region in the display substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects will become more apparent
by describing certain exemplary embodiments with reference
to the accompanying drawings, 1n which:

FI1G. 1 illustrates a display apparatus according to an exem-
plary embodiment;

FI1G. 2 illustrates a rear view of a display apparatus which
corresponds to the display apparatus 100 of FIG. 1, according
to an exemplary embodiment;

FIG. 3 illustrates an LED module according to an exem-
plary embodiment;

FIG. 4 illustrates a display apparatus including a single
LED module operated by a driver, according to an exemplary
embodiment;

FIG. § illustrates another LED module according to an
exemplary embodiment;

FIG. 6 1llustrates a display apparatus including two LED
modules operated by the driver, according to an exemplary
embodiment;

FIGS. 7A and 7B illustrate yet another LED module,
according to an exemplary embodiment;

FIG. 8 1s a flowchart of a method for improving image
quality of the display apparatus, according to an exemplary
embodiment; and
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FIG. 9 1s a flowchart of a method for analyzing an image,
according to an exemplary embodiment.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Exemplary embodiments are described in greater detail
below with reference to the accompanying drawings.

The matters defined in the description, such as detailed
construction and elements, are provided to assist 1n a com-
prehensive understanding of the exemplary embodiments.
However, the exemplary embodiments can be practiced with-
out those specifically defined matters. Also, well-known
functions or constructions are not described 1n detail since
they would obscure the inventive concept with unnecessary
detaul.

FIG. 1 1llustrates a block diagram of a display apparatus
according to an exemplary embodiment.

Referring to FIG. 1, a display apparatus 100 includes a
liquid crystal panel 105, a light gmide plate 110, at least one
LED module 120, a driver 130, an 1image analyzer 140, and a
switch umt 150.

The light guide plate 110 1s placed in parallel with the
liquid crystal panel 1035 1n the rear side of the liquid crystal
panel 105. The light guide plate 110 1s formed of a transparent
material to pass light produced from the at least one LED
module 120. The light guide plate 110 can be formed in a plate
structure.

The atleast one LED module 120 1s disposed 1n at least one
side of the light guide plate 110, and includes a plurality of
LEDs.
The LEDs can be white LEDs for producing, but not lim-
ited to, white light. The LEDs can employ a blue LED, a green
LED, ared LED, and so on.

The driver 130 drives the LEDs by applying current to the
LEDs to turn on the LEDs.

The image analyzer 140 analyzes an input image. More
specifically, the image analyzer 140 can analyze the input
image and check whether the display apparatus 100 needs to
process 1image improvement to prevent light leakage.

The image analyzer 140 checks whether the input 1image 1s
a letterbox format image, whether a sum of entire pixel values
of the input image 1s smaller than a preset value, whether the
input 1image 1s quite dark on the whole, whether a corner
region ol the liquid crystal panel 105 has no or little data,
whether the pixel value of the input image at the corner region
of the liquid crystal panel 1s lower than the pixel value of the
input 1mage at the neighbor region, and whether the mput
image 1s a movie, and so on.

To analyze the input image as above, various methods well
known 1n the art can be applied.

According to a result of the image analysis, the switch unit
150 turns off at least one LED close to a corner region of the
liquid crystal panel 105 among the plurality of the LEDs.

While 1t 1s advantageous that the switch unit 150 turns off
one LED closest to the corner region of the liquid crystal
panel 105 among the LEDs, the switch unit 150 may turn off
two or more LEDs.

Here, the at least one LED to be turned off can be an LED
used to control the image displayed 1n the corner region of the
display apparatus 100.

The switch unit 150 does not apply current to at least one
LED by diverting the current applied from the driver 130.

According to an exemplary embodiment, the display appa-
ratus 100 may further include a storage unit 160 connected to
the image analyzer 140. The storage unit 160 may pre-store
information used by the image analyzer 140 to analyze the
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input image. This pre-stored information may also be input by
a user through a user input unit 170, according to an exem-
plary embodiment. Based on the image analysis by the image
analyzer 140 using the information (e.g., comparing the input
image with the pre-stored information), the switch unit 150
may turn off the at least one LED in displaying the input
image. For example, the storage unit 160 may pre-store infor-
mation which the image analyzer 140 compares with the
input 1mage to determine whether the mmput image 1s the
letterbox format 1mage and/or information which the image
analyzer 140 uses to determine whether the pixel value of the
input 1mage at the corner region of the liquid crystal panel 1s
lower than the pixel value of the input 1mage at the neighbor
region. According to an exemplary embodiment, the storage
unit 140 may also pre-store information about the at least one
LED to be turned oil according to the 1mage analysis by the
image analyzer 140. The pre-stored information about the at
least one LED may include information about a location
and/or a number of the at least one LED to be turned off.

The display apparatus 100 may further include a user input
unit 160 which recerves a user command, according to an
exemplary embodiment. The user mput unit may be con-
nected to the switch unit 150 to control the switch unit 150 to
turn off the at least one LED close to the corner region of the
liquad crystal panel 103 at the user command. At this time, the
switch unit 150 can turn ot the at least one LED according to
the mput user command. Hence, regardless of the analysis of
the input image, the display apparatus 100 can process image
improvement manually to prevent the light leakage based on
the user command.

In the display apparatus 100, the driver 130 and the switch
unit 150 can constitute a controller (not shown). The control-
ler (not shown) can control the LED module 120 to turn on or
off the atleast one LED close to the comer region of the liquid
crystal panel 105 among the plurality of the LEDs.

Unlike the structure of FIG. 1, the controller (not shown)
can be modified to control the liquid crystal panel 105, the
light guide plate 110, the at least one LED module 120 and the
image analyzer 140.

It1s preferable, but not necessary, that the display apparatus
100 1s a liquad crystal display apparatus. The display appara-
tus 100 can employ edge-type LEDs disposed at least one side
of the light guide plate 110.

Thus, a display apparatus according to another exemplary
embodiment can include a liquid crystal panel, a light guide
plate disposed 1n parallel with the liqud crystal panel 1n the
rear side of the liquid crystal panel, at least one LED module
disposed 1n at least one side of the light guide plate and
including a plurality of LEDs, and a controller for controlling
the at least one LED module to turn on or oftf at least one LED,
among the LEDs, close to a corner region of the liquid crystal
panel.

FI1G. 2 illustrates a rear view of a display apparatus which
corresponds to the display apparatus 100 of FIG. 1, according
to an exemplary embodiment.

Referring to FIG. 2, the display apparatus 200 employing,
edge-type LEDs includes a liquid crystal panel 210, a light
guide plate 220 disposed 1n a rear side of the liquid crystal
panel 210, and LED modules 230A through 230D disposed at
sides of the light guide plate 220.

The LED modules 230A through 230D can be arranged at
the upper side and the lower side of the light guide plate 220
as shown 1n FI1G. 2. However, any number of LED modules
such as the LED modules 230A through 230D can be
arranged at any two, three or all four of the upper side, the
lower side, the right side and the left side of the light guide
plate 220, according to other exemplary embodiments.
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Among the LED modules 230A through 230D, the LED
modules 230A and 230B placed 1n the upper side can be
constructed as a single module unlike FIG. 2, or as multiple
modules as the screen size of the display apparatus 200
increases. This also applies to the LED modules 230C and
230D placed 1n the lower side among the LED modules 230A
through 230D.

The light guide plate 220 can be of a hexahedral plate
structure. The light guide plate 220 uniformly spreads light
emitting from the LED modules 230A through 230D to main-
tain uniformity of luminance and color in the liquid crystal
panel 210 and uniformly guide the incident light straight to
the liquid crystal panel 210.

Since the display apparatus 200 adopts the edge-type
LEDs, light leakage can blur the corner region of the liquid
crystal panel 210, compared to the other regions of the dis-
played screen. To improve the image quality by preventing
the light leakage, the display apparatus 200 can turn off at
least one LED 1n the corner region of the displayed screen;
that 1s, close to the corner region of the liquid crystal panel
210 while displaying the image.

While the display apparatus 200 of FIG. 2 turns off one
LED of each of the LED modules 230A through 230D which
1s closest to each corner region of the liquid crystal panel 210
(that 1s, turns off four LEDs 1n total as shown 1n FIG. 2), the
display apparatus 200 may turn oif only one LED correspond-
ing to the upper left corner region of the four corner regions of
the liquid crystal panel 210, according to an exemplary
embodiment. Also, the display apparatus 200 may turn off
two LEDs closest to each of the four corner regions of the
liquid crystal panel 210 (that 1s, turns off eight LEDs 1n total),
according to an exemplary embodiment.

FIG. 3 illustrates a single LED module corresponding to
the LED module 230A or 230C of FIG. 2, according to an
exemplary embodiment.

In FI1G. 3, an LED module 300 includes a plurality of LEDs
L1 through L8 and a connector 310.

The LEDs L1 through L8 can be 1n the form of an LED
string connected 1n series. The connector 310 supplies current
applied from the driver 130 of FIG. 1, to the LEDs L1 through
L8.

The connector 310 includes a first terminal C1, a second
terminal C2, and a third terminal C3 of the LED module 300.
The first terminal C1 1s connected to an anode of the LED L1
disposed at one end among the LEDs L1 through L.8. The
second terminal C2 1s connected to a cathode of the LED L1.
The third terminal C3 1s connected to a cathode of the LED L8
disposed at the other end among the LEDs L1 through L8.

FIG. 4 depicts a display apparatus including a single LED
module, corresponding to the LED module 300 of FIG. 3,
controlled by a driver.

In FIG. 4, a display apparatus 400 includes a driver 410, a
LED module 420, and a switch unit 430 corresponding to the
driver 130, the at least one LED module 120 and the switch
unmt 150 of FIG. 1. To ease the understanding, FIG. 4 1llus-
trates only a part of the display apparatus 200 of FIG. 2.

A plus terminal of the driver 410 1s connected to a first
terminal C1 of the LCD module 420, and a minus terminal of
the driver 410 1s connected to a third terminal C3 of the LCD
module 420.

The switch unit 430 includes a first resistor R1, a second
resistor R2, athird resistor R3, a first transistor P, and a second
transistor N.

The first resistor R1 1s connected to the first terminal C1 of
the connector at one end, and connected to a first node nl of
the switch unit 430 at the other end. The second resistor R2 1s
connected to the first node nl at one end and to a second node
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n2 of the switch unit 430 at the other end. The third resistor R3
1s connected to the first node nl at one end to a third node n3
of the switching unit 430 at the other end.

In the first transistor P, a gate terminal 1s connected to the
third node n3, a source terminal 1s connected to the first
terminal C1, and a drain terminal 1s connected to the second
terminal C2. The first transistor P can be a P-channel metal
oxide semiconductor (PMOS).

In the second transistor N, a drain terminal 1s connected to
the second node n2, an external signal C-DIM 1is applied to a
gate terminal, and a source terminal 1s grounded. The second
transistor N can be an N-channel MOS (NMOS).

Herein, an external signal C-DIM can be a control signal
for controlling not to apply current from the driver 410 to at
least one LED of the LED module 420 based on analysis of an
input 1mage by an 1mage analyzer of the display apparatus
400 corresponding to the image analyzer 140 of FIG. 1.

While the eight LEDs L1 through L8 are illustrated in
FIGS. 3 and 4, the number of the LEDs 1s not limited to eight.

An operation principle of the display apparatus 400,
according to an exemplary embodiment, 1s explained by
referring to FIGS. 3 and 4.

When the 1mage analyzer confirms that the mput 1image
does not need 1image quality improvement to prevent light
leakage, a Low value 1s applied to the external signal C-DIM
from the image analyzer. Herein, the Low value can be a
voltage value lower than a threshold which cannot turn on the
second transistor N.

When the Low value 1s applied to the external signal
C-DIM, the second transistor N 1s opened and the {irst tran-
sistor P 1s also opened. In result, the current applied from the

plus terminal of the driver 410 can pass through the first
terminal C1 of the LED module 420, the LEDs L1 through

L8, and the third terminal C3 of the LED module 420 in
sequence, and then, flow to the minus terminal of the driver
410.

By contrast, when the image analyzer confirms that the
input 1mage needs 1mage quality improvement to prevent
light leakage, a High value 1s applied to the external signal
C-DIM output from the image analyzer. Herein, the High
value can be a voltage value higher than the threshold which
can turn on the second transistor N.

When the High value 1s applied to the external signal
C-DIM, the second transistor N 1s switched on and the first
transistor P 1s also switched on. In result, the current applied
from the plus terminal of the driver 410 can pass through the
first terminal C1 of the LED module 420, the second terminal
C2 ofthe LED module 420, the LEDs L2 through L8, and the
third terminal C3 of the LED module 420 1n sequence and
finally flow to the minus terminal of the driver 410.

Thus, the driver 410 can apply no current to the LED L1 by
diverting the current.

FI1G. 5 illustrates another single LED module correspond-
ing to the LED module 230A or 230C of FIG. 2, according to
an exemplary embodiment.

An LED module 500 of FIG. 5 includes a plurality of LEDs
L1 through L8 and a connector 510.

The LEDs L1 through L8 can include LEDs L1 through L8
interconnected 1n series, and be in the form of an LED string.
The connector 510 supplies current applied from the driver
130 of FIG. 1 to the LEDs L1 through LS.

The connector 510 includes a first terminal CC1, a second
terminal CC2, a third terminal CC3, and a fourth terminal
CC4. The first terminal CC1 of the connector 510 1s con-
nected to a cathode of the LED L1 disposed at one end among,
the LEDs L1 through L8. The second terminal CC2 of the

connector 510 1s connected to an anode of the LED 1. The
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third terminal CC3 of the connector 510 1s connected to an
anode of the LED L2 of the LEDs L2 through L8 connected
in series. The fourth terminal CC4 of the connector 510 1s
connected to a cathode of the LED L8 ofthe LEDs L1 through
LS.

FIG. 6 illustrates a display apparatus including two LED
modules, corresponding to the LED module 500 of FIG. 5,
controlled by a driver.

Referring to FIG. 6, a display apparatus 600 includes a
driver 610, two LED modules 620 and 625, and a switch unit
630 corresponding to the driver 130, the at least one LED
module 120 and the switch unit 150 of FIG. 1. To ease the
understanding, FIG. 6 illustrates only a part of the display
apparatus 200 of FIG. 2.

A plus terminal of the driver 610 1s connected to a first
terminal CC1 of the LED module 620, and a minus terminal
of the driver 610 1s connected to a fourth terminal CC8 of the
LED module 625.

The switch unit 630 includes a first resistor R1, a second
resistor R2, athird resistor R3, a first transistor P, and a second
transistor N.

The first resistor R1 1s connected to the first terminal CC1
of the LED module 620 at one end and connected to a first
node nl of the switch unit 630 at the other end. The second
resistor R2 1s connected to the first node nl at one end and to
a second node n2 of the switch unit 630 at the other end. The
third resistor R3 1s connected to the first node nl1 at one end
and to a third node n3 of the switch unit 630 at the other end.

In the first transistor P, the gate terminal 1s connected to the
third node n3, the source terminal 1s connected to the first
terminal CC1 of the LED module 620, and the drain terminal
1s connected to the third terminal CC3 of the LED module 620
and the second terminal CC6 of the LED module 625. The
first transistor P can be a P-MOS.

In the second transistor N, the drain terminal 1s connected
to the second node n2, an external signal C-DIM 1s applied to
a gate terminal, and a source terminal 1s grounded. The sec-
ond transistor N can be an N-MOS.

The second terminal CC2 of the LED module 620 1s con-
nected to the first terminal CC5 of the LED module 625, and
the fourth terminal CC4 of the LED module 620 1s connected
to the third terminal CC7 of the LED module 625.

The LED module 620 and the LED module 625 have the
same structure.

The LED module 620 can be the LED module 230A 1n
FIG. 2 and the LED module 625 can be the LED module 230B
in FI1G. 2, according to an exemplary embodiment. According

to another exemplary embodiment, the LED module 620 can
be the LED module 230A in FIG. 2 and the LED module 625

can be the LED module 230C 1n FIG. 2. As stated above, the
driver 130 can drive a plurality of the LED modules such as
the LED modules 230A through 230D in FI1G. 2. According to
an exemplary embodiment, the LED modules can be located
at various positions with respect to a light guide plate corre-
sponding to the light gmide plate 220 in FIG. 2.

While 16 LEDs are depicted 1n FIGS. 5 and 6, the number
of the LEDs 1s not limited to 16. While the driver 130 drives,
but not limited to, two LED modules 620 and 625 1n FIG. 6,
the driver 130 can drive more than two LED modules.

The operation principle of the display apparatus 600,
according to an exemplary embodiment, 1s described by refer-
ring to FIGS. 5 and 6.

When an 1mage analyzer of the display apparatus 600
corresponding to the image analyzer 140 of FIG. 1 confirms
that an input image does not need 1image quality improvement
to prevent light leakage, a Low value 1s applied to the external
signal C-DIM {from the image analyzer. Herein, the Low
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value can be a voltage value lower than a threshold which
cannot turn on the second transistor N.

When the Low value 1s applied to the external signal
C-DIM, the second transistor N 1s opened and the first tran-
sistor P 1s also opened. In result, the current applied from the
plus terminal of the driver 610 can pass through the first
terminal CC1 of the LED module 620, the LED L1, the
second terminal CC2 of the LED module 620, the first termi-
nal CCS of the LED module 625, the LED 19, the second
terminal CC6 of the LED module 625, the third terminal CC3
of the LED module 620, the LEDs L2 through L8, the fourth
terminal CC4 of the LED module 620, the third terminal CC7
of the LED module 625, the LEDs L.10 through .16, and the
tourth terminal CC8 of the LED module 623 i sequence, and
then, flow to the minus terminal of the driver 610.

By contrast, when the image analyzer confirms that the
mput 1mage needs 1mage quality improvement to prevent
light leakage, a High value 1s applied to the external signal
C-DIM from the image analyzer.

When the High value 1s applied to the external signal
C-DIM, the second transistor N 1s switched on and the first
transistor P 1s also switched on. In result, the current applied
from the plus terminal of the driver 610 can pass through the
first terminal CC1 of the LED module 620, the second termi-
nal CC2 ofthe LED module 620, the third terminal CC3 of'the
LED module 620, the LEDs L2 through L8, the fourth termi-
nal CC4 ofthe LED module 620, the third terminal CC7 of the
LED module 625, the LEDs .10 through .16, and the fourth
terminal CC8 of the LED module 625 in sequence, and
finally, flow to the minus terminal of the driver 610.

Thus, the driver 610 can apply no current to the LED L1
and the LED L9 by diverting the current.

FIGS. 7A and 7B 1llustrate other LED modules.

AnLED module 700 of FIG. 7A 1s modification of the LED
module of FIG. 3.

In FIG. 7A, when the image analyzer of the display appa-
ratus 400 confirms that the input image needs 1image quality
improvement to prevent light leakage, the LED module 700
of FIG. 7A canturn off the LED L1 and the LED L2, while the
LED module of FIG. 3 turns off the LED L1 alone

AnLED module 800 of FIG. 7B 1s modification of the LED
module of FIG. 5.

Referring to FIG. 7B, when the image analyzer of the
display apparatus of FIG. 6 confirms that an mmput 1image
needs 1mage quality improvement to prevent light leakage,
the LED module 800 of FIG. 7B can turn off the LED L1 and
the LED L2, while the LED module of FIG. § turns off the
LED L1 alone.

By simply modifying the LED modules 700 and 800 as
shown 1n FIGS. 7A and 7B, the number of the LEDs to turn
off can be changed.

FIG. 8 1s a flowchart of a method for improving image
quality of a display apparatus corresponding to the display
apparatuses as shown 1n FIGS. 1-7B, according to an exem-
plary embodiment. The display apparatus in the present
exemplary embodiment includes the same or similar compo-
nents constituting the display apparatuses as shown 1n FIGS.
1-7B, and thus, the image quality improvement method
according to the present exemplary embodiment 1s described
herebelow 1n reference to these components of the display
apparatuses as shown in FIGS. 1-7B.

The 1mage quality improvement method of the display
apparatus includes driving a plurality of the LEDs (5810),
analyzing an mput image (S820), and turning ofl at least one
LED close to a comer region(s) of a liquid crystal panel,
among the plurality of the LEDs, according to the image

analysis (5830).
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The display apparatus for image quality improvement
method 1n the present exemplary embodiment includes a 11g-
uid crystal panel, a light guide plate arranged 1n parallel with
the liguid crystal panel i the rear side of the liquid crystal
panel, and at least one LED module disposed 1n at least one
side of the light guide plate and including a plurality of the
LEDs.

In the turning off operation (S830), no current 1s applied to
at least one LED, close to a corner region(s) of the liquid
crystal panel, by diverting the current applied from the driver.

FIG. 9 15 a flowchart of a method for analyzing an 1nput
image 1n reference to the display apparatuses as shown 1n
FIGS. 1-7B, according to an exemplary embodiment.

The 1mage analyzer 140 analyzes an input image (S910)
and checks whether the input 1image 1s a letterbox format
image (S920).

When the input 1mage 1s the letterbox format 1mage, the
High value 1s applied to the external signal C-DIM, as shown
in FIGS. 4 and 6, which 1s a signal output from the image
analyzer 140 (5930). When the input image is not the letter-
box format image, the Low value 1s applied to the external
signal C-DIM which 1s the signal output from the image
analyzer 140 (5925).

Still referring to FIG. 9 the display apparatus 100 using the
edge-type LEDs can sufler from light leakage 1n a corner
region(s) of the liqguid crystal panel 105. The corner region(s)
indicates each vertex in the display screen of the display
apparatus 100. When the display screen 1s a quadrangle, four
vertex regions each can be the corner region(s).

When the display apparatus 100 displays a letterbox format
image, four corner regions of the display screen can be dis-
played black. When the four corner regions are displayed
brightly, 1t 1s hard to perceive light leakage with eyes. When
the four corner regions are displayed darkly, 1t 1s quite easy to
percerve light leakage with eyes. Accordingly, when the let-
terbox format image 1s input, the image analyzer 140 can turn
ofl at least one LED corresponding to the four corner regions
by applying the High value to the external signal C-DIM.

The foregoing embodiments and advantages are merely
exemplary and are not to be construed as limiting the mven-
tive concept. For example, the light sources to implement the
exemplary embodiments are not limited to the LEDs. The
foregoing exemplary embodiments can be readily applied to
other types of apparatuses. Also, the descriptions of the fore-
going exemplary embodiments are intended to be 1llustrative,
and not to limit the scope of the claims, and many alternatives,
modifications, and variations will be apparent to those skilled
in the art.

What 1s claimed 1s:

1. A display apparatus comprising:

a liquid crystal panel;

a light guide plate disposed at a rear side of the liquid
crystal panel;

at least one LED module disposed 1n at least one side of the
light guide plate comprising;:

a plurality of LEDs;

a first terminal connected to an anode of a first LED placed
at one end of the plurality of LEDs connected in series,

a second terminal connected to a cathode of the first LED,
and

a third terminal connected to a cathode of a last LED placed
at the other end of the plurality of LEDs connected 1n
series;

a driver which drives the plurality of LEDs comprising:

a plus terminal and

a minus terminal,
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wherein the first terminal 1s connected to the plus terminal,
and the third terminal 1s connected to the minus termi-
nal;

an 1mage analyzer which analyzes an input 1image; and

a switch unit which comprises:

a first resistor directly connected to the first terminal at one
end and to a first node at the other end,

a second resistor directly connected to the first node at one
end and to a second node at the other end.,

a third resistor directly connected to the first node at one
end and to a third node at the other end,

a first transistor directly connected to the third node at a
gate terminal, to the first terminal at a source terminal,
and to the second terminal at a drain terminal, and

a second transistor directly connected to the second node at
a drain terminal, an external signal being applied to a
gate terminal of the second transistor, and a source ter-
minal of the second transistor being grounded,

wherein, according to a result of the analyzing the input
image, the switch unit turns oif at least one LED among
the plurality of LEDs while the driver drives a remainder
of the plurality of LEDs, wherein the at least one LED 1s
disposed closer to a corner of the ligmid crystal panel
than the remainder of the plurality of LEDs.

2. The display apparatus of claim 1, wherein the first tran-
sistor 1s a P-channel metal oxide semiconductor (PMOS) and
the second transistor 1s an N-channel metal oxide semicon-
ductor (NMOS).

3. The display apparatus of claim 1, wherein the external
signal 1s a control signal which controls not to apply current to
the at least one LED, based on a result of the analyzing the
input 1mage.

4. The display apparatus of claim 1, wherein the at least one
LED module comprises a first LED module and a second
LED module, and the plurality of LEDs comprises a first
plurality of LEDs included in the first LED module and a
second plurality of LEDs included 1n the second LED mod-
ule,

wherein the first LED module comprises a first terminal, a
second terminal, a third terminal, and a fourth terminal,

wherein the first terminal 1s connected to a cathode of a first
LED placed at one end of the first plurality of LEDs
connected 1n series, the second terminal 1s connected to
an anode of the first LED, the third terminal 1s connected

to an anode of a second LED connected to the first LED,

and the fourth terminal 1s connected to a cathode of a last

LED placed at the other end of the first plurality of LEDs
connected 1n series.

5. The display apparatus of claim 4, wherein the second
LED module has the same structure as the first LED module.

6. The display apparatus of claim 1, wherein the switch unit
turns off the at least one LED while the remainder of the
plurality of LEDs are being driven by the driver when the
image analyzer determines at least one of:

(1) that the input image to be displayed on the liquud crystal

panel 1s 1n a given format; and

(11) that a pixel value of the input 1mage to be displayed at

the corner of the liquid crystal panel 1s lower than a pixel
value of the mput 1mage to be displayed at a neighbor
region.

7. The display apparatus of claim 6, further comprising a
storage unit which pre-stores information which the image
analyzer uses to determine the at least one of (1) and (11).

8. The display apparatus of claim 6, wherein the given
format 1s a letterbox format.
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9. The display apparatus of claim 1, further comprising a
storage unit which pre-stores information about the at least
one LED to be turned oif according to the result of the ana-
lyzing the input 1mage.

10. The display apparatus of claim 9, wherein the pre-
stored information about the at least one LED to be turned off
comprises information about at least one of a location of the
at least one LED 1n the at least one LED module and a number
of the at least one LED among the plurality of LED:s.

11. The display apparatus of claim 1, further comprising a
user input unit which receives a user command to control the
switch unit to turn off the at least one LED without regard to
the result of the analyzing the mnput image.

12. A display apparatus comprising:

a display substrate on which an 1input 1mage 1s displayed;

a light guide plate disposed at a rear side of the display
substrate;

at least one light source module disposed 1n at least one side
of the light guide and comprising:

a plurality of light sources;

a first terminal connected to an anode of a first light source
placed at one end of the plurality of light sources con-
nected 1n series,

a second terminal connected to a cathode of the first light
source, and

a third terminal connected to a cathode of a last light source
placed at the other end of the plurality of light sources
connected 1n series; and

a controller comprising:

a plus terminal and

a minus terminal,

wherein the first terminal 1s connected to the plus terminal,
and the third terminal 1s connected to the minus termi-
nal;

a first resistor directly connected to the first terminal at one
end and to a first node at the other end,

a second resistor directly connected to the first node at one
end and to a second node at the other end,

a third resistor directly connected to the first node at one
end and to a third node at the other end,

a first transistor directly connected to the third node at a
gate terminal, to the first terminal at a source terminal,
and to the second terminal at a drain terminal, and

a second transistor directly connected to the second node at
a drain terminal, an external signal being applied to a
gate terminal of the second transistor, and a source ter-
minal of the second transistor being grounded,

wherein the controller turns on and off at least one light
source among the plurality of light sources while a
remainder of the plurality of light sources are turned on
to display the input image on the display substrate.

13. The display apparatus of claim 12, further comprising
at least one of an 1mage analyzer, which analyzes the input
image, and a user input which receives a user command,

wherein the at least one light source to be turned on and off
1s selected by the controller according to a result of the
analyzing the input 1mage or the user command.

14. The display apparatus of claim 12, wherein the control-
ler turns off the at least one light source while the remainder
of the plurality of light sources are turned on to display the
input image, when 1t 1s determined that light leakage blurring
the display substrate 1s to occur at a region of the display
substrate which 1s disposed closer to the at least one light
source than a remaining region of the display substrate.

15. The display apparatus of claim 13, wherein the control-
ler turns off the at least one light source while the remainder
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of the plurality of light sources are turned on to display the
input image when the 1mage analyzer determines at least one

of:

(1) that the mput image to be displayed on the display

substrate 1s 1n a given format; and
(11) that a pixel value of the input 1mage to be displayed
a region in the display substrate corresponding to the

least one light source 1s lower than a pixel value of t.

at
at

1C

input image to be displayed at a neighbor region in t.
display substrate.

1C

16. The display apparatus of claim 15, further comprising
a storage substrate which pre-stores information required by
the image analyzer to determine the at least one of (1) and (11).
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